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RESUMEN
La red de radares de la Administración Meteorológica Nacional de Rumania (NMA, por sus siglas en inglés) 
integra cinco radares de la banda S y cuatro radares de la banda C. La observación de procesos de convección 
en Rumania mediante la red de radares Doppler ofrece una nueva perspectiva para comprender el riesgo 
climatológico de ciertas regiones y entornos de mesoescala. Se observan mejor los sistemas convectivos 
altamente organizados, como las supercélulas, y su amenaza subsiguiente puede predecirse mejor durante el 
pronóstico a muy corto plazo (nowcasting) utilizando campos de velocidad Doppler y algoritmos de detección 
FRPRPHVRFLFORQHV0(62\¿UPDVGHYyUWLFHGHWRUQDGRV796SRUVXVVLJODVHQLQJOpV6LQHPEDUJR
SDUD¿QHVGHSUHYHQFLyQHVWDVKHUUDPLHQWDVQRSXHGHQXWLOL]DUVHVLQXQDYDOLGDFLyQVXEMHWLYDGHELGRDORV
errores asociados y limitaciones de las observaciones de radar. En este trabajo se presentan varios casos en que 
la presencia de granizo de gran tamaño dentro de la tormenta produjo un artefacto de radar llamado “pico de 
granizo” (three-body scatter spike, TBSS) que alteró el campo de velocidad Doppler. Los casos presentados se 
observaron con radares de banda S y se compararon con informes de granizo sobre el terreno. El primer caso 
muestra un TBSS cuyas velocidades Doppler radiales son negativas debido a la presencia de hidrometeoros. 
El segundo exhibe una situación menos frecuente, cuando las velocidades Doppler en la región TBSS son 
positivas debido a la corriente ascendente. El tercer caso muestra valores positivos y negativos en la región 
TBSS; representa una supercélula con granizo de gran tamaño que afectó a la ciudad de Varna, en Bulgaria. 
Los valores positivos se asociaron con la región sobresaliente de la corriente rotacional ascendente a alturas 
superiores, en tanto que los valores negativos en las regiones externas de la corriente rotacional ascendente a 
alturas inferiores, se asociaron con las corrientes descendentes. Algunas anomalías producidas por el TBSS han 
alterado los resultados de los algoritmos TVS y MESO, introduciendo valores falsos de viento de gradiente 
IXHUWHTXHVHKDQLQWHUSUHWDGRFRPRURWDFLyQ'HHVWDPDQHUDVHJHQHUDURQ¿UPDVIDOVDVGHPHVRFLFORQHV\
vórtices de tornado. En algunos casos se reportaron tornados débiles y granizo de gran tamaño, por lo que 
ODSUHVHQFLDGH7%66IXHXQUHWRSDUDTXLHQHVUHDOL]DQSUHGLFFLRQHVGHPX\FRUWRSOD]R(QODSDUWH¿QDO
de este trabajo se analiza el vínculo entre la aparición de TBSS con informes de 2009 sobre granizo de gran 
tamaño en tierra en el área de cobertura de los radares de banda S en Rumania, que también abarcan zonas 
de Hungría, Bulgaria, Moldavia y Serbia. Los resultados muestran que la distorsión ocasionada por el TBSS 
es un fuerte indicador de granizo de gran tamaño.
ABSTRACT
7KH5RPDQLDQ1DWLRQDO0HWHRURORJLFDO$GPLQLVWUDWLRQ10$UDGDUQHWZRUNFRQVLVWVRI¿YH6EDQGDQG
four C-band radars. Observation of convection in Romania through the Doppler radar network offered a new 
perspective in understanding the climatologic risk of certain regions and mesoscale environments. Highly 
organized convective systems, such as supercells, are better observed and their subsequent threat can be 
EHWWHUDQWLFLSDWHGGXULQJWKHQRZFDVWLQJSURFHVVXVLQJ'RSSOHUYHORFLW\¿HOGVDQGGHWHFWLRQDOJRULWKPV
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such as mesocyclones (MESO) and tornadic vortex signature (TVS). However, for warning purposes, 
these tools cannot be used without a subjective validation because of the associated errors and limitations 
of radar observations. In this paper several cases are presented where the presence of large hail inside 
the storm produced a radar artifact named three-body scatter signature (TBSS) that disturbed the Doppler 
YHORFLW\¿HOG7KHFDVHVSUHVHQWHGZHUHREVHUYHGZLWK6EDQGUDGDUVDQGZHUHDVVRFLDWHGZLWKKDLOUHSRUWV
RQWKHJURXQG7KH¿UVWFDVHVKRZVD7%66ZKRVHUDGLDO'RSSOHUYHORFLWLHVDUHQHJDWLYHGXHWRWKHIDOOLQJ
hydrometeors. The second case is a less frequent event; there the Doppler velocities in the TBSS region 
are positive due to the updraft. The third case has both positive and negative values in the TBSS region; it 
ocurred in a supercell that affected the city of Varna in Bulgaria with large hail. The positive values were 
associated with the overhang region in the rotational updraft at upper heights, while the negative values in 
the regions outside the rotational updraft at lower heights, were associated with the downdrafts. Features 
produced by the TBSS have perturbed the output of the MESO and TVS algorithms by introducing false 
strong values of wind shear that have been interpreted as rotation. Thus false mesocyclonic and tornadic 
vortex signatures were generated. In some of the cases large hail and weak tornadoes were reported, so the 
presence of a TBSS was a challenge for the nowcasters. In the last part of the paper we analyze the link 
between the TBSS appearance with reports of large hail at the ground in 2009 within the coverage area of 
the Romanian S-band radars, which also cover parts of Hungary, Bulgaria, the Republic of Moldova and 
Serbia. The results show that the TBSS artifact is a strong indicator of large-size hail.
Keywords: 7KUHHERG\VFDWWHUVLJQDWXUHUDGLDO'RSSOHUYHORFLW\¿HOGKDLOGRZQGUDIWXSGUDIW
1. Introduction
In November 2000, the Romanian National Institute 
of Meteorology and Hydrology (INMH), today Na-
tional Meteorological Administration (NMA), began 
to modernize its capabilities for detecting, monitor-
ing and predicting meteorological and hydrological 
phenomena, by implementing the National Integrated 
Meteorological System – SIMIN project. SIMIN 
LQWHJUDWHV¿YH:65'6EDQG UDGDUVZLWK IRXU
existing C-band Doppler radars, to form a nine-unit 
'RSSOHUUDGDUQHWZRUN)LJ7KH:65'LVD
FORQHYHUVLRQRIWKH:65'V\VWHPVXVHGLQWKH
861DWLRQDO:HDWKHU6HUYLFH QHWZRUN&XUUHQWO\
SIMIN produces individual site and national com-
posite radar products every 6 minutes.
Advances in computer and radar technology, 
coupled with a dramatic increase in meteorological 
data sets, were not the only challenges to the fore-
casters. New conceptual models had to be learned 
and assimilated in operational practice as S-band 
radar allows the detection of severe weather asso-
ciated with convective storms. Thus, mesocyclones 
(MESO), tornadic vortex signatures (TVS), low level 
and mid altitude convergence zones, became nolens 
volens usual terminology in nowcasting activities, 
despite a general belief that tornadic storms did not 
occur in Romania. Observing convection in Roma-
nia through the new S-band radar network provides 
a sharper perspective on mesoscale environments 
and the storms these environments create. Highly 
organized convective systems, such as supercells, 
can be better anticipated using useful radar pattern 
recognition software routines such as the MESO 
(Stumpf et al.DQGWKH7960LWFKHOOet al., 
DOJRULWKPV+RZHYHUZKLOHWKHVHDOJRULWKPV
do demonstrate some skill they also are susceptible 
to radar artifacts and sampling limitations. Moreover, 
they sometimes fail to detect critical signatures that 
may be subtle or fail to meet certain thresholds. For 
this reason the meteorologist must carefully examine 
)LJ7KH6,0,1UDGDUQHWZRUN¿YH:65'6EDQG
UDGDUVDQXSJUDGHGYHUVLRQRIWKH:65'UDGDUXVHGLQ
WKH861:6QHWZRUNDQGIRXU&EDQGUDGDUVWZRIURP
((&±':65& W\SH DQG WZR IURP*HPDWURQLN±
METEOR 500C type).
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the base data, so as to evaluate potential signature 
existence or non-existence.
In some of the cases radar artifacts can contam-
LQDWH WKH UHÀHFWLYLW\ DQG YHORFLW\ VWUXFWXUHV )RU
example, the three-body scatter signature (TBSS) can 
be a challenge for the operational environment (Lem-
RQ/LQGOH\7KH7%66LVDPLGOHYHO
Doppler radar signature, generally a 10-30 km long 
region of artifact echo aligned radially downrange 
IURPDKLJKO\UHÀHFWLYH!G%=HFKRUHJLRQ,WLV
caused by non-Rayleigh radar microwave scattering 
RU0LHVFDWWHULQJDV¿UVWH[SODLQHGE\=UQLü
and is widely used by operational forecasters as a suf-
¿FLHQWEXWQRWQHFHVVDU\LQGLFDWLRQRIYHU\ODUJHKDLO
within a severe thunderstorm (Carbunaru et al., 2010; 
Stan-Sion et al.:LOVRQDQG5HXPDOVR
concluded that this radar echo artifact is the result 
RIWULSOHUHÀHFWLRQVFDXVHGE\QRQ5D\OHLJKUDGDU
microwaves scattering from a region of large hydro-
PHWHRUVOLNHZHWKDLO7KHWULSOHUHÀHFWLRQVFRQVLVW
of: (1) a forward scattering by large hydrometeors to 
the ground below; (2) backscattering from the ground 
to the large hydrometeor region aloft, and (3) back-
scattering to the radar (Fig. 2). TBSS is also known 
DVÀDUHHFKR:LOVRQDQG5HXPRUKDLOVSLNH
=UQLF /HPRQ   SUHVHQWHG WKH
TBSS and the operational application of this feature 
DQGGHVFULEHGVRPHDVSHFWVRI:65'GHWHFWLRQ
and display of the signature, correlating the TBSS 
with other radar characteristics of hail producing 
storms; he also mentioned that the TBSS can mask 
internal storm velocities. Combinations of TBSS 
DQGUHÀHFWLYLW\PD\DOVREHXVHGWRLGHQWLI\WKHVL]H
of the hail stones if the backscattering cross-section 
RIWKHJURXQGVXUIDFHLVNQRZQ=UQLFet al., 2010).
For warning purposes, the TBSS cannot give an 
anticipation of more than 30 minutes because the 
general life cycle of hail formation is of that order 
and it is easier detected at high levels in the storm 
where the geometry of the interactions produces a 
longer spike; however the hail spike can affect the 
radial velocities and can produce disruptions in the 
UDGLDOYHORFLW\¿HOG7KHVHFDQJHQHUDWHXQUHDOPH-
socyclonic and tornadic vortex patterns that can be 
DUWL¿FLDOO\LGHQWL¿HGE\WKHDOJRULWKPGXHWRXQUHDO
VKHDUVGHWHFWHGE\WKHUDGDUDOJRULWKPVDQGDUWL¿FLDO
labels can be produced (MESO, TVS). Also a true 
URWDWLRQDO ¿HOG FDQ EH DOWHUHG E\ WKH RYHUODSSLQJ
TBSS velocities. However, while these algorithms 
do demonstrate some skill they also are susceptible 
to radar artifacts and sampling limitations.
The paper is structured as follows: section 2 
describes the operational aspects of the TBSS 
artifact, emphasizing the impact of the positive 
and negative Doppler velocities associated with 
the TBSS on radar data. The errors of the MESO 
algorithm produced by the presence of the TBSS 
are discussed in section 3. A short description of 
the spatial distribution of the TBSS observed with 
Romanian radar network is presented in section 4, 
followed by the conclusions.
2. Operational aspects of the TBSS
2.1 Negative Doppler velocities associated with TBSS
:KLOHWKHVWUXFWXUHRIWKH7%66LQUHÀHFWLYLW\LVZHOO
known, the structure of the radial velocities in the 
spike region is less known and studied. In order to 
compute the vertical velocities associated with hydro-
meteors (hail stones), knowing the Doppler velocities 
LQWKHVWRUPDQGLQWKH7%66DUHDUHVSHFWLYHO\=UQLF
SURSRVHVWKHHTXDWLRQ
v§vr + wsin(șr)  (1)
where v are the velocities in the TBSS area, w are 
the downdraft or updraft velocities associated with 
hydrometeors, șr is the theta angle in Figure 2 and vr 
are the velocities associated with the maximum radar 
UHÀHFWLYLW\FRUHRIWKHVWRUP
Fig. 2. Scheme of the radar signal path responsible for 
the three-body spike. The nucleus of the hailstone has 
UHÀHFWLYLWLHVRYHUWKHG%]FRUHDGDSWHGIURP:LOVRQ
DQG5HXP
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:HFDQZULWH(TDV
w ≈ v – vr
sin (θr)
 (2)
For the considered geometry, , because the TBSS 
KDV D¿QLWH OHQJWK LQ WKH UHÀHFWLYLW\ DQG'RSSOHU
YHORFLW\ ¿HOGV OHQJWK RQ WKH VFDWWHULQJ DQJOH RI
electromagnetic radiation by hydrometeors), so that 
angle șr cannot be zero.
Next we used the bin notation for the radar res-
olution volume in the plan position indicator (PPI) 
UHÀHFWLYLW\ DQG'RSSOHU YHORFLW\ ¿HOGV IURP WKH
principal user processor (PUP) application. In these 
two-dimensional representations the radial resolution 
of the radar bin is about 1 km2 (along the radar beam), 
PDLQWDLQHGDWNPLQERWKUHÀHFWLYLWLHVDQG'RSSOHU
EDVH YHORFLWLHV ¿HOGV KWWSZZZZGWEQRDDJRY
FRXUVHVGORFLQGH[KWPO
)RUWKH¿UVWELQLQVLGHWKH7%66ELQLQ)LJ
>WKH¿UVWZKLWHVTXDUH@DQJOHșrLVʌ7KXV
sin(șr) = 1 (3)
from which
w§v – vr (4)
The next bins (next two or more white squares in 
Fig. 2) inside the TBSS area are subject to the next 
considerations: 
 They were obtained considering the geometry of 
triangle ABC in Figure 2.
 The height above the ground AB = h inside the 
WULDQJOH LV NQRZQ IURP WKH:65' UDGDU DO-
gorithm.
 AC represents the distance between the conside-
UHGPD[LPXPUHÀHFWLYLW\FRUHDQGWKHQH[WUDGDU
bins in the TBSS area, which is equal to h + kc, 
c being the distance between the middle of the 
radar bins in the TBSS area: c = 1 km and  k = 
1,2,3,4,...etc.
 Considering the tangent plane to the ground below 
WKHPD[LPXPUHÀHFWLYLW\FRUHWKHWULDQJOH$%&
is rectangular and the angle between r (AC) and 
h (AB) is ʌ±șr).
Thus:
cos = sin(θr) = .– θr

2( ) hh+kc  (5)
And for the secondary bins in the TBSS area:
w ≈ (v – vr) .h
h+kc  (6)
:HXVHG WKLV IRUPXOD WR FRPSXWH WKH YHUWLFDO
velocities for the studied cases because all variables 
are known from radar measurments. An example of 
the process through which negative velocities occur 
in the TBSS area when there is hailstone with neg-
ative velocities is rendered in Figure 3, where we 
consider an area (blue) with hail nuclei. Since those 
nuclei have negative (downdraft) speeds, the distance 
travelled by the pulse in two successive moments 
decreases. The Doppler processing assigns negative 
velocity to this change in the path length in the area 
where TBSS is initiated (green area in Fig. 3).
In our studies of Romanian cases we have ob-
served that velocities in the spike region are most 
frequently negative. These vertical velocities are 
found in storms that produce large hail stones and 
have a high component downward that gives negative 
values in the spike region.
In order to exemplify the process described above 
we present a case study from June 19, 2006.
2.1.1 Case study – June 19, 2006
The case presented was observed with the Iasi sys-
WHPD:65'6EDQGUDGDURQ-XQHLQ
the northeast part of Romania. This storm exhibited 
classic TBSS signatures. The Iasi radar was operat-
ing in volume coverage pattern (VCP) 21 with nine 
Fig. 3. Schematic representation of the physical and 
radar-analysis processes yielding negative speeds in the 
TBSS area.
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HOHYDWLRQVVFDQVHYHU\PLQ7KH¿UVWIRXUHOHYDWLRQV
used in the operational environment were: 0.5o, 1.5o, 
2.4o and 3.4o.
This case is indicative of the complexity that oc-
FXUVLQWKH'RSSOHUUDGLDOVSHHG¿HOGZKHQWKHUHLV
a rotation associated with the updraft of the storms, 
and the TBSS is also present (Fig. 4). The velocity 
¿HOGVKRZVDVKDUSGLVFRQWLQXLW\EHKLQGWKHFRUHRI
the cell (Fig. 5), in the TBSS region. The values are 
¿UVWSRVLWLYHDQGFKDQJHLQWRQHJDWLYHVLQWKHVSLNH
(orange values). The hail on the ground was about 
16 mm in diameter. It was recorded at Roman weather 
station (southeast of the storm in Fig. 5). The vertical 
velocities computed in the TBSS area are shown in 
Figure 6. They are negative (from –5 to –20 m s–1), 
being associatnes with negative speeds reside there is 
SUHVHQWHGLQ)LJXUHZKLFKVKRZVWKDWWKHGLVWDQFH
WUDYHOOHGE\WKHHGZLWKWKHGRZQGUDIWÀRZV
2.2 Positive Doppler velocities associated with the 
TBSS
For the positive velocities in the TBSS area, which are 
much rarer in the analyzed cases, the same relation-
ship (1) is used as in the case of the negative velocity. 
These positive velocities are associated with strong 
updraft speeds, able to keep large suspended hail 
stones (5-10 cm in size). The process through which 
positive speeds occur in the TBSS area when hail 
storadar pulse at two successive moments because 
)LJ 5HÀHFWLYLW\ GDWD G%= DW 87&RQ -XQH
19 2006 at 2.4º . The AB line along the TBSS indicates 
the radial along which the values were analyzed and the 
distance along which the values for velocity were plotted.
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Fig. 6. Vertical velocities computed with Eq. (1) for the 
June 19, 2006 case at 1354 UTC.
)LJ7%66\HOORZUHFWDQJOHGHWHFWHGRQ-XQHDW87&E\WKH:65',DVLUDGDUDWD5DGLDO
YHORFLWLHV¿HOGPV–1); the purple circle compasses the region of strong downward velocities that produced a downdraft 
RQWKHVXUIDFHE5HÀHFWLYLW\GDWDLQG%=
(a) (b)
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of the positive velocities of the hail stones, yields 
positive values in the area where the TBSS occurs 
DUHDPDUNHGZLWKUHGLQ)LJ
2.2.1 Case study – 20 May 2006
In this case the storm produced hail stones with diam-
HWHUVRIDERXWFPDW1HJUHVWLDYLOODJHLQ0ROGDYLD
7KH7%66)LJFRQWDPLQDWHVWKHEDVHYHORFLW\¿HOG
with positive velocities due to the presence of a strong 
updraft at lower level. This updraft promoted the 
growth of very large hail, and the growing hailstones 
were carried across the updraft by the conserved, 
low-level, horizontal momentum feeding the updraft 
from below. For this reason the Doppler unit detected 
horizontal positive velocities in the hail region with a 
FRPSRQHQWRIWKHORZOHYHOVWRUPLQÀRZ
7KHUDGLDO'RSSOHUVSHHGVDQGUHÀHFWLYLW\SUHVHQW-
HGLQ)LJXUHDEDUHWDNHQDORQJWKH$%VHFWLRQLQ
Figure 9. The section starts from the center of maxi-
PXPUHÀHFWLYLW\RQWKHUDGDUUDGLXVH[DFWO\RSSRVLWH
WRWKHUDGDUWRWKHODVWG%=UHÀHFWLYLW\8QOLNHWKH
previous case, here the Doppler velocities associated 
with the TBSS are positive, which indicates the pres-
HQFHRIXSGUDIWLQWKHUHJLRQRIVWURQJUHÀHFWLYLW\RI
the overhang. The vertical velocities have values of 
10 to 20 m s–1 (Fig. 10).
)LJ5HÀHFWLYLW\GDWDG%=DW87&RQ0D\
2006 at 1.5º . The AB line along the TBSS indicates the 
radial along which the values were analyzed and the dis-
tance along which the values for velocity were plotted.
)LJ7%66GHWHFWHGRQ0D\DW87&RQWKH:65',DVLUDGDUDWD5DGLDOYHORFLWLHV¿HOG
(m s–1WKHSXUSOHFLUFOHFRPSDVVHVWKHUHJLRQZKHUHWKHEDVHYHORFLW\¿HOGLVFRQWDPLQDWHGZLWKSRVLWLYHYHORFLWLHV
DVVRFLDWHGZLWKWKH7%66LQGLFDWHGE\WKH\HOORZUHFWDQJOHE5HÀHFWLYLW\GDWDLQG%=
(a) (b)
)LJ6FKHPDWLFGLVSOD\RIWKHSK\VLFDODQGUDGDUDQDO\VLV
processes through which positive speeds in the TBSS area 
are obtained.
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2.3 Positive and negative Doppler velocities asso-
ciated with the TBSS during the same storm
2Q6HSWHPEHUWKH6EDQGUDGDULQVWDOOHG
at Medgidia, Romania detected a very strong storm 
in the city of Varna, Bulgaria. According to the 
(XURSHDQ6HYHUH:HDWKHU'DWD%DVH(6:'%WKH
storm produced 4 cm hailstones and two victims in 15 
minutes. According to the radar data, at 1222 UTC the 
storm was situated southwest of the city, and a TBSS 
FRXOGEHREVHUYHGERWKRQWKHEDVHUHÀHFWLYLW\DQG
'RSSOHUYHORFLW\¿HOGVDWWKH¿UVWWLOW)LJ7KH
TBSS region displays negative velocities associated 
ZLWKWKHGRZQGUDIWUHJLRQFORVHWRWKHKLJKUHÀHFWLY-
LW\FRUHRIG%=ZHVWRIWKHFLW\RI9DUQD2Q
the storm relative velocities we can observe a rota-
tional structure close to the city of Varna (Fig. 11c), 
and we notice the presence of negative relative ve-
locities in the TBSS region.
The upper tilt (1.5oLQWKHUHÀHFWLYLW\¿HOGGLV-
SOD\VDQH[WHQGHGLQWHQVLYHFRUHRIG%=7KLV
nucleus is situated closer to the city and eastward and 
upward of the previous one (Fig. 12a). In the base 
¿HOG )LJEZHREVHUYHQHJDWLYHYDOXHV LQ WKH
region of the TBSS. The upper negative velocities 
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Fig. 10. Vertical velocities computed with Eq. (1) for the 
May 20, 2006 case at 1515 UTC.
)LJ%DVHUHÀHFWLYLW\DEDVHYHORFLW\E
and relative velocity (c) at 0.5º and 1222 UTC 
IRU-XQHIURPWKH:65'UDGDUDW
Medgidia. The white rectangle indicates the 
position of the TBSS.
(a)
(c)
(b)
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maxima overlap the lower maxima. In the region 
of the TBSS, negative velocities at the 1.5o tilt are 
displaced to the left (in the downdraft region). At 
this height we can notice the cyclonic rotation close 
to the city of Varna, negative velocities just over the 
city, and zero velocities to the west of the city. The 
rotational structure becomes clearer in the storm rel-
DWLYH¿HOGDWWKHo tilt (Fig. 12c, the yellow circle 
indicates the cyclonic region). Negative velocities in 
the region of the TBSS can be observed much better 
DQGDUHPRUHUHSUHVHQWDWLYHLQWKHUHODWLYH¿HOGWRR
The downdraft region is also correlated with a region 
RIFRQYHUJHQFH LQ WKH UHODWLYH¿HOGH[DFWO\ LQ WKH
UHJLRQRIWKHPD[LPXPUHÀHFWLYLW\)LJDF$W
the 2.4o tilt in upper levels, the nucleus of maximum 
UHÀHFWLYLW\RIG%=LVSODFHGFORVHUWR9DUQDDQG
WRWKHHDVWRIWKHPD[LPXPUHÀHFWLYLW\IURPORZHU
WLOWV )LJD7KHEDVHYHORFLWLHV¿HOG LVVLPLODU
to the one at a lower tilt and displays the rotational 
structure and region of the downdraft (Fig. 13b) as-
VRFLDWHGZLWKWKH7%66UHJLRQ:HDOVRQRWLFHGWKH
positive velocities in the TBSS region (Fig. 13b, c) 
that can be produced by the hydrometeors from the 
upper part of the updraft, which is collocated with 
the rotational structure.
:HFRQFOXGHWKDWLQWKHDUHDRIWKH7%66WKHUH
are also positive velocities because at the 0.5o and 
2.4oWLOWVLQWKH'RSSOHUYHORFLWLHV¿HOGRQWKHULJKW
side of the TBSS, the negative values decrease and 
WKH SRVLWLYH YDOXHV LQ WKH UHODWLYH YHORFLWLHV ¿HOG
increase and expand.
The overhang region of the supercell is observed 
at the 3.4oWLOWZKHUHWKHPD[LPXPUHÀHFWLYLW\LVSRVL-
tioned over the city of Varna and aligned on the same 
vertical axis with the mesocylone (Fig. 14a). The 
base velocities in the region of the TBSS (Fig. 14b) 
display values around zero in the updraft region, 
ZKLOHWKHUHODWLYHYHORFLWLHV¿HOG)LJFGLVSOD\V
positive values in the updraft region. At 1222 UTC, 
just before reaching Varna city, the mesocylone had 
)LJ%DVHUHÀHFWLYLW\DEDVHYHORFLW\E
and relative velocity (c) at 1.5º and 1222 UTC 
IRU-XQHIURPWKH:65'UDGDUDW
Medgidia. The white rectangle indicates the 
position of the TBSS.
(a)
(c)
(b)
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URWDWLRQDOYHORFLW\RIPV–1, cyclonic wind shear 
of 0.004 s–1DQGDGLDPHWHURINP7KLVURWDWLRQDO
velocity and shear are the most intense in the lifetime 
of the mesocylone.
In summary, in the region of the TBSS artifact we 
can have negative values associated with the down-
draft region and positive values associated with the 
updraft in the overhang region (Fig. 15). The storm 
that affected Varna displayed the TBSS artifact on 
the S-band radar at Medgidia one hour before the 
hail fell on the ground.
2.4 TBSS and the mesocyclone detection algorithm
The apparent location of the positive or negative ve-
locities inside the TBSS due to hail stones can overlap 
with the actual locations where motions within the 
storm are sensed, i.e. the rotation of the updraft. The 
possible effects can be: (1) enhancement of the in-
ward component of the mesocyclone in the case with 
negative velocities of the spike; (2) enhancement of 
the outward component of the mesocyclone if the 
spike has positive velocities; (3) decrease of either 
inward or outward true velocity component inside 
the mesocyclone. These situations are challenging to 
operational forecasters as they produce false alarms. 
7KH¿UVWFDVHREVHUYHGLQ5RPDQLDZDVSUHVHQWHGE\
Stan-Sion and Antonescu (2006b). Similar cases were 
reported in different places (Smallcomb, 2006). In 
RUGHUWRH[HPSOLI\WKHVHRSHUDWLRQDOGLI¿FXOWLHVZH
present a case study from June 3, 2006.
2.4.1 Case study – June 3, 2006
A severe hailstorm affected some villages in the cen-
tral part of Romania. It was observed with the radar 
at system Bobohalma during the afternoon of June 3, 
2006 (Stan-Sion and Antonescu, 2006a). The storm 
was not only a “hail monster”, but also a tornadic 
storm that prompted the forecaster to issue a tornado 
warning, which is a rare occurrence in Romania. At 
the fourth tilt (3.4oWKHOHQJWKRIWKHVSLNHZDVNP
)LJ%DVHUHÀHFWLYLW\DEDVHYHORF-
ity (b) and relative velocity (c) at 2.4º 
DQG87&IRU-XQHIURP
WKH:65'UDGDUDW0HGJLGLD7KH
white rectangle indicates the position 
of the TBSS.
(a)
(c)
(b)
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GRZQUDQJHRIWKHKLJKHVWUHÀHFWLYLW\FRUHRIG%=
situated at a height of 4.2 km. Along the spike the 
UHÀHFWLYLW\GHFUHDVHGWRG%=ZKLFKLVWKHWKUHVKROG
IRU UHÀHFWLYLW\GLVSOD\ZLWK WKH:65SULQFLSDO
user processor (PUP). At lower elevations the length 
of the TBSS spike becomes shorter (10 km at 0.5º), 
as expected. It appears that the TBSS perturbed the 
YHORFLW\¿HOGSURGXFLQJ0(62DQG796VWUXFWXUHV
Fig. 15. TBSS artifact. Negative values are associated with the downdraft region and positive values are associated 
with the updraft in the overhang region: (a) horizontal section, (b) vertical section.
)LJ%DVHUHÀHFWLYLW\DEDVHYHORFLW\
(b) and relative velocity (c) at 3.4º and 
87& IRU -XQH   IURP WKH
:65'UDGDUDW0HGJLGLD7KHZKLWH
rectangle indicates the position of the 
TBSS.
(a)
(c)
(b)
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ZKLFKZHUHXQUHDO)LJVDQGZKLOHWKHPH-
socyclone detected to the south was consistent with 
WKHUDGLDOYHORFLWLHV¿HOG7KHVXSHUFHOOZDVPRYLQJ
from southwest to northeast producing a “relative 
WRWKHVWRUP´LQÀRZLQORZOHYHOVRULHQWHGIURPWKH
northeast direction. This inbound component of the 
ORZOHYHOLQÀRZLQWRWKHVWRUPFDQEHDUHDVRQIRU
the enhanced negative velocities in the TBSS spike.
The storm structure shows a very strong supercell 
ZLWKDYHU\ZHOOGH¿QHGPHVRF\FORQHLGHQWL¿HGE\
WKHDOJRULWKP)LJVDQG+RZHYHUWKHVHFRQG
mesocyclone was a false one, caused by the dealias-
LQJIDLOXUH)LJVDQG$FORVHULQYHVWLJDWLRQ
shows that there are real and relatively strong positive 
)LJ%DVHYHORFLW\DWDQG87&RQ-XQH
IURP:65'DW%RERKDOPD7KH\HOORZFLUFOHV
enclose the MESO and the red triangle represents the TVS 
as detected by the algorithm.
Fig. 16. Base velocity at 1.5º and 1454 UTC on June 3, 
IURP:65'DW%RERKDOPD7KH\HOORZFLUFOHV
enclose the MESO and the red triangle represents the TVS 
as detected by the algorithm.
)LJ%DVHUHÀHFWLYLW\DWDEFDQGGDW87&RQ-XQHREWDLQHG
IURPWKH:65'UDGDUDW%RERKDOPD0(62DQG796DVGHWHFWHGE\WKHDOJRULWKP
(a)
(c) (d)
(b)
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velocities that lead up to the beginning of the TBSS 
where sharply negative velocities begin. This very 
strong false convergence leads to a dealiasing failure. 
This strong shift may be produced by the high down-
ZDUGVSHHGVRIWKHKDLOVWRQHV:HREVHUYHGWKDWWKH
TBSS disturbs the velocity continuity and thus the 
FRQWDPLQDWLRQRIWKHYHORFLW\¿HOGFDQEHUHVSRQVLEOH
for the failure of the MESO and TVS algorithms. 
The presence of hail can produce different patterns 
RQUHÀHFWLYLW\RUYHORFLW\
3. TBSS spatial distribution and frequency
The Romanian experience with an S-band network, 
DFTXLUHGLQWKHODVWIRXU\HDUVFRQ¿UPVWKDWWKH7%66
artifact is associated with hail reports, has the same 
characteristics as those previously reported and does 
have an important operational value (Donavon and 
Jungbluth, 2004).
Fifty seven cases with hail were analyzed, as 
UHSRUWHG LQ  ORFDOLWLHV IURP5RPDQLD 6HUELD
Bulgaria and the Republic of Moldova over the 
May-September 2009 interval:
 26 of the cases, i.e. 46% of the total number of 
analyzed cases, had a TBSS associated with the 
convective cell that produced hail (the TBSS 
occurred at least once during the cell’s evolution 
– one and the same cell being capable of travelling 
over more localities);
 31 of the cases (i.e. 54%) did not have a TBSS 
associated with the cell that produced the hail, or 
Fig. 20. Coverage domain of the S-band radar units (10 
FPDFURVV5RPDQLD*UHHQGRWVUHSUHVHQWUDGDUORFDWLRQV
and transparent circles represent the coverage domains 
of the radar units. Orange is for localities where the cell 
yielding hail had a TBSS and red for localities where the 
cell did not have a TBSS.
Fig. 19. Base velocity at 0.50 (a), 1.5 (b), 2.40 (c), and 3.40 (d) at 1454 UTC on June 3, 2006, obtained 
IURPWKH:65'UDGDUDW%RERKDOPD0(62DQG796DVGHWHFWHGE\WKHDOJRULWKP
(a)
(c) (c)
(b)
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WKH7%66FRXOGEHPDVNHGE\WKHUHÀHFWLYLW\¿HOG
of the neighboring cells;
 7%66LGHQWL¿FDWLRQZDVSHUIRUPHGLQWKHEDVHUH-
ÀHFWLYLW\DQGYHORFLW\¿HOGVZKHUHWKHFRQGLWLRQ
was for the TBSS to occur in at least one elevation.
The analysis was performed with the S-band ra-
dar units (10 cm) from Medgidia, Iasi, Bobohalma, 
Oradea and Timisoara, where the PUP application 
XVHG E\ WKH IRUHFDVWHU GLVSOD\V RQO\ UHÀHFWLYLWLHV
KLJKHU WKDQG%=7KH7%66 LV OLNHO\ WRGLVSOD\
YDOXHVVPDOOHU WKDQG%=WRR6PDOFRPE
EXWWKHVHFRXOGQRWEHREVHUYHGGXHWRDUHÀHFWLYLW\
WKUHVKROGDWG%=
The abovementioned coverage domain and 
location of the S-band radar units are rendered in 
Figures 20 and 21, where the green, transparent 
circles represent the coverage domain and the 
green dots the location of the radar units. The area 
of the C-band radar units (5 cm) was disregarded 
in the analysis.
Localities are represented on the map in Figure 
ZKHUHKDLOHYHQWVZHUHUHSRUWHGLQWKH(6:'%
base. The red color represents the localities where 
the hail event was not associated with the presence 
of TBSS and the orange the localities where hail was 
associated with the presence of TBSS.
:HIRXQGDEHWWHUFRUUHODWLRQEHWZHHQWKHUHSRUWHG
KDLODQG7%66LGHQWL¿FDWLRQLQWKHQRUWKHDVWHUQSDUW
of the country (Fig. 20), where the TBSS was present 
in supercellular storms with a longer life time, some 
Fig. 21. Coverage domain of the S-band radar units (10 
FPDFURVV5RPDQLD*UHHQGRWVUHSUHVHQWUDGDUORFDWLRQV
and transparent circles represent the coverage domains of 
WKHUDGDUXQLWV:KLWHLVIRUWKHSRLQWVZKHUH7%66ZHUH
detected.
of the cells travelling over more than one locality. 
In the other areas, the correlation might have been 
affected by the position of the storm within the con-
vective system. Regarding the localities beyond the 
Romanian borders, situated too far from the radar, the 
radar beam only passed through the upper part of the 
storm, whereas hail could have been rallied by down-
GUDIWÀRZVDWHOHYDWLRQVORZHUWKDQWKDWRIWKHEHDP
Figure 21 renders all the cases where the TBSS was 
detected, irrespective of whether hail on the ground 
was reported or not. Those cases were distributed as 
follows: 9 TBSS cases, Megidia (MD) radar; 9 TBSS 
cases, Barnova (IS) radar; 5 TBSS cases, Oradea (OD) 
radar; 10 TBSS cases, Bobohalma (BB) radar. 
For each of the cases mentioned in the Severe 
:HDWKHU'DWDEDVHKWWSZZZHVVORUJFJLELQHVZG
eswd.cgi) archive, an analysis of TBSS occurrence 
was performed (Fig. 21). The analysis tracked the 
TBSS occurrence along the trajectory of the storm 
that yielded hail on the ground. In all the correlated 
cases, the TBSS occurred prior to the hail falling or 
right at that moment.
The performed analysis highlights that TBSS is 
associated with some of the hail-yielding cells (in the 
DERYHDQDO\VLVLGHQWL¿FDWLRQZDVPDGHLQWKHDUFKLYH
RIWKHFDVHVZLWKKDLOUHSRUWVWKHQWKHUDGDU¿HOGZDV
analyzed). Those cells displaying TBSS in the course 
of their evolution were generally sparse cells of high 
UHÀHFWLYLWLHVDQGPHVRF\FORQHVVXSHUFHOOV
4. Conclusions
A first conclusion is that TBSS occurrences 
(Fig. 21) are not rare in Romania. The second 
conclusion, highlighted by the performed analysis, 
is that the TBSS is associated with some of the 
hail-yielding cells (Fig. 20) and these cells were 
JHQHUDOO\ VSDUVH FHOOV RI KLJK UHÀHFWLYLWLHV DQG
mesocyclones (supercells). This second conclusion 
leads us to think on “conceptual models for severe 
hail” in the same way we were deriving conceptual 
models for mesocyclonic storms (Stan-Sion and An-
tonescu, 2006a). The last conclusion is that, exactly 
LQWKHPRVWGLI¿FXOWVLWXDWLRQVOLNHWUDFNLQJVHYHUH
convection, the forecaster should not blindly trust 
the algorithms.
The TBSS signature is a very important warning 
tool, although it cannot give an anticipation of more 
than 30 minutes, since it is detected at high levels 
in the storm; however, the hail spike can affect the 
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radial velocities and produce disruptions in the radial 
YHORFLW\¿HOGWKDWFDQJHQHUDWHXQUHDOPHVRF\FORQ-
ic and tornadic vortex patterns, and these may be 
DUWL¿FLDOO\LGHQWL¿HGE\WKHDOJRULWKP,QWKLVFDVH
severe weather (both large hail and tornado) was 
reported at the ground and the warning was correctly 
issued, despite the “interference” between the TBSS 
and the radial velocities analyzed by the MESO and 
TVS algorithms. The problem is most critical when 
a scanned low-level mesocyclone is immediately 
downrange of a hail core, which is not an unusual 
VLWXDWLRQIRUDVXSHUFHOOVWRUP6XEMHFWLYHYHUL¿FD-
tion of the characteristic pattern of the supercell is 
extremely important in order to “validate” the output 
of the severe weather detection algorithms.
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